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Abstract 
The discrepancy of performance among competitive athletes is getting smaller and smaller. Therefore wearing high tech textile 
could help to get advantage over competitors. For this reason a lot of investigation has been done on developing high tech textiles 
that support the athletes to better performance. The aims of this study were to give an overview on the available products and to 
evaluate their level of innovation. Furthermore the research project should reveal which products are effectively used in trainings 
and competition. Finally the study elicits the status of current research and shows prospective research potential. 
© 2009 Published by Elsevier Ltd. 
Keiwords: peformence; competion sports, ompression garments; smart textiles; wearable techonology 
1. Introduction 
Success in the international competitive sport is based on equipment besides pivotal factors as training, 
alimentation and psyche. Therefore a lot of sportsmen and women look for advantage over their combatant wearing 
appropriate high-tech-textiles. The term “high-tech-textiles” comprehends compression garment, smart textiles and 
wearable technologies. Smart textiles are made of materials that can adapt to environmental factors. E.g. phase 
change materials, which have either a cooling or warming effect depending on environmental temperature or shear 
sensitive materials reacting on mechanical changes. Wearable technologies are textiles that have an integrated 
sensor, e.g. shirts for monitoring vital parameters during sports. A lot of research was done in this field during the 
last years and many innovative solutions were brought on the market. Therefore the aims of this study were to give 
an overview on the available products, to find out, which products are used by the athletes, to figure out the state of 
current research and to point out further prospective research potential. 
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2. Methods 
The study approach is divided into two parts- data collection and data transfer to a matrix. In this way data were 
structured and evaluated according to their grade of innovation. 
2.1. Data collection 
To assess the status of current research and the stage of development of high tech textile three strategies were 
pursued. First of all data were collected trough a literature research in data bases and research engines. All in all 
347000 sources were found. Out of this data sources only relevant information concerning competition sports were 
evaluated. Further to profit from expert´s know how seven experts were interviewed from the fields of sport textile 
industry, the wearable technology and from the field of orthopaedic technique. Finally an online query was launched 
addressing athletes, coaches and their medical staff. The aim of the query was to find out which high- tech - textiles 
are actually used in competition and training. 
2.2.  Matrix-data structuring and evaluating 
The comprehensive data from the literature research and the awareness from the survey and interviews were 
displayed in a matrix (table 2). The rows describe the different mode of operation concerning the performance 
enhancing effect; the splitting is made to evaluate the characteristic of the different enhancing outcome. 
3. Results 
3.1. Compression Garments 
Interviews: The statements of the different compression garments producers were consistent. All of them 
underlined, that compression garments achieve positive effects on biomechanical and physiological parameters. The 
advantage results in an increased venous return, in a faster transport of waste products out of the muscle and a better 
oxygenation of the muscle, in an augmented endurance capacity and muscle force, an impairment of muscle wear 
out caused by muscle vibration, a better control of body temperature and an augmented proprioception. According to 
manufacturers compression garments are used in almost every discipline, even if they are most popular in endurance 
sports. The mentioned textiles are more common in USA and Australia than in Europe.  
Online query: In total, 34 athletes, 16 coaches and 10 members of their medical staff participated on the query. 
Among the athletes compressions garments do not seem very popular. 50% of them have never heard about them. 
50% of the sports man and women use compression garments during competition, 53 % respectively 57 % neither 
use them during training nor for regeneration. 50% of the coaches suggest wearing compression garments for better 
regeneration. The medical staffs advise to use compression garments during training (40%) and regeneration (47 %). 
None of the groups thinks that compression garments have a positive influence concerning the force. A large 
number of the coaches (40%) and the medical staff (38%) think that muscular exhaustion can be delayed with the 
help of compression garments. All of them believe, that compression garment have an injury preventive effect, 
especially coaches (50%) and athletes (48 %).  
Literature research: Several studies have been done to prove the effectiveness of compression garments, in 
particular the improvement in performance during training and regeneration. To evaluate the effect, the following 
parameters were analysed: physiological parameters as heart rate, VO2 max, blood lactat concentration and 
biomechanical values like muscle vibration and propriozeption. The exploited studies differed a lot in their study set 
up. Differences were apparent according to the moment the textiles were worn (during the training, for regeneration 
or for both of them), the number of test persons, the professional condition of the athletes, the intensity of the 
exercise and the analysed parameters. The compression garments in the research program of Chatard et al. [1], 
French et al. [2] and Gill et al. [3], served as regeneration tool, whereas in other studies the test persons wore the 
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compression garments just during the activity [4,5,6,7]. In some studies the athletes were endowed with 
compression garments during both periods [8,9]. The compression textiles were either tested during team sports 
specific circuit [6,7] or during endurance training [5,9]. According to the very different study set up the results 
diverged enormously. Dascombe et al. [5] could note a positive effect on the raised force, the mean sprint time and 
the jump height when athletes used compression garments. In other studies these effects were confuted [6]. The use 
of compression garments lead to less muscle soreness by the test persons of Duffield et al. [8] and Trennel et al. [9].  
3.2. Smart Textiles 
Interviews: Functional textiles support primarily the thermoregulatory processes and therefore enhance 
performance. These textiles work according to the physical law of diffusion and impulse. The effectiveness of the 
material itself is up to now mainly proved in lab tests. Only a few manufacturers test the whole product on test 
persons. But according to the interview partners the cut of the clothes plays an important role for the performance.  
Online query: 66 % of the medical staff and 60 % of the coaches suggest the athletes to wear functional textiles 
during trainings. 74 % of the sportsmen and women follow this advice. In respect of their impact concerning 
performance improvement, coaches are very sceptical. Instead 66 % of the medical staff, 40 % of the coaches and 44 
% of the athletes think that the functional clothes have a positive effect on thermoregulatory processes. 54 % of the 
medical staff, 57 % of the coaches and 47 % of the athletes want researchers to put more effort into the investigation 
of the performance enhancing effect of the functional clothes.  
Literature research: The physiological effect of functional textiles is to support the athletes in their 
thermoregulation and protect them against cold and wind. Rieländer [10] brought the importance of the functional 
clothing to expression. He showed that unsuitable clothes influence the performance negatively. Gremion et al. [11] 
agreed in this opinion. This study revealed that clothes with better water vapour permeability minimised the stress 
on human body. This was refuted by Feyerabend’s [12] research.  
Often applied in sports textiles are phase change materials (PCM). PCM can change their state of aggregation 
depending on environmental temperature from solid to liquid or solid to gaseous. Thereby the textiles save warmth 
energy from the warmer body and give it back if required. Purvis et al. [13] carried out a study with goal keepers’ 
gloves containing PCM materials. In the study the test persons carried out specific exercises with a PCM glove and a 
common one. The results questions the effect-wise from PCM materials as goal keeper’s hand temperature was 
warmer with the PCM gloves than with the common gloves.  
The advantages of smart materials due to biomechanical effects were studied primarily in swimming suits. Apart 
from choosing the appropriate material the structural composition of the textiles plays an important role. After 
Toussaint et al. [14] the water resistance during swimming consists of friction, form and area resistant respectively. 
Therefore the impact of swimming suits design on energy expenditure and swimming kinematic was studied [15]. 
For the test, different swimming suits were used either with different length or surface structure. One of the wet suits 
had a mechano-chemical coating. This coating was advantageous in respect of the water resistant effect and the 
measured linear velocity of the pelvis. Dantas et al. [16] could show a positive effect concerning the water resistance 
of wet suits, too.  
Functional textiles can have a preventive effect either in a physiological way or in a mechanical one. Upton et al. 
[17] could show a positive effect of thermo trainers on persistent knee tendon inflammation. Schmitt et al. [18] 
proofed the damping potential of goal keepers’ pads. They could show that the padding does not protect the pelvis 
well enough and they propagate to invent intelligent protectors. 
3.3. Wearable Technology 
Interviews: As experts presume wearable technology becomes more and more popular in sports and will 
therefore be established very soon. They think that wearable technologies have a great potential in improving 
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performance. At the moment problems to be solved are: the mechanical resistance of the sensors, the extent and 
weight of the batteries and the high prize. 
Online query: The results show that up to now movement monitoring is hardly ever used, even if 40 % of the 
coaches and 26 % of the athletes wished to have one. 57 % of the medical staff, 60 % of the coaches and 74 % of the 
athletes would appreciate to have a shirt measuring vital parameters during activity.  
Literature research: Wearable Technology stands for textiles in which sensors and wiring are directly 
integrated into the textile. With this technology it is possible, to measure vital parameters like heart rate, blood 
pressure, body temperature and respiratory sounds directly without any further devise. Up to now these features are 
mainly used in the sectors of medicine and work protection. Therefore numerous studies on this topic were found of 
which some shall be mentioned representatively. There are several studies reporting about different possibilities of 
integrating wearable technologies into textile for measuring vital parameters [18,20,21]. Besides monitoring vital 
parameters and biofeedback the analysis of movement is of great interest. There have several investigation been 
done to detect the movement during impact and release of human body with strain gauges und pressure sensors 
[22,23,24]. Mazzoldi et al. [25] developed a whole body movement suit. The usage of wearable electronics in the 
sports field is compared with the health sector really rare. Nevertheless there are some innovative products available 
on the market, e.g. the “miCoach” training system that can track movements and the intensity during exercising. Or 
an innovative skiing coach invented by a spinoff company “Moticon” from TU Munich. The skiing coach consists 
of an intelligent pressure sensitive sole and a conventional mobile phone. Due to the pressure sensors the posture of 
the skier can be detected during downhill skiing and the information can be sent to the mobile phone over ANT. The 
mobile phone gives than an auditory feedback, though the driver can revise his posture during skiing. A further 
promising product is an “Electronic Body Protector” that is used in Taekwondo. In the protection west there is a 
pneumatic systems integrated, measuring impacts of punches or foot kicks. Measured dates are sent over Bluetooth 
to a computer. 
4. Discussion 
The results of the literature research, the online query and the expert’s interviews were transferred to the matrix 
below (tab. 2) and their different effects were evaluated according to the criteria of tab. 1. 
4.1. Compression garments 
The compression technology has been applied for medical purpose long time ago. Therefore the grade of innovation 
is low. Concerning the performance improving effect opinions break up. In the field of research this discrepancy 
could result from the various designs. In most of the studies the amount of test persons is too low to get statistical 
significance. Further the level of performance and the test person’s age is not comparable. The intensity of the test, 
the test material and the sport discipline differed in each investigation program. No double blind study was 
conducted though it is not to gather that the psyche has great influence on the test results. The different attitude 
towards compression garments of the athletes might be due to the lack of experience.  
4.2. Smart textiles 
According to the experts the grade of innovation of smart textiles is very high. They grant a high potential to 
endorse performance physiologically or biomechanically. But up to know they are seldomly processed in sport 
textiles. Nevertheless some studies were conducted testing their efficaciousness. The performance enhancing effect 
of these clothes is argumentative. This could be due to the fact, that most of the studies were done in the eighties, 
but in the mean time a lot of new products came up.
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4.3. Wearable textiles 
The results from the literature research, the interviews and the online query show, that the grade of innovation of 
wearable electronics are rated very high. But there is hardly any study that proofed the wearable’s on a performance 
improving factor. The accumulation of literature shows an enormous potential of wearable technology in the sectors 
of health and work protection. According to the experts, the sport opens a huge field for these new products. It 
should be now the aim to transfer the know how in the field of sports. 
Table 1. Criteria of evaluation  
Criteria Color coding 
1. Level of innovation Non existent   
2. Improvement in performance Low    
3. Application in competition sports Middle   
4. Extent of scientific evaluation High   
Table 2. Matrix 1 
Technical solution Performance enhancing effect 1 2 3 4 
physiological         
biomechanical         
preventative physiological         
Compression 


 preventative biomechanical         
physiological         
biomechanical         
preventative physiological         
Smart textile 


 preventative biomechanical         
technique         
diagnostic         
monitoring         
Wearable Technologies 
preventative         
5. Conclusion 
There are further studies necessary to proof the effectiveness of compression garments. To gain statistical 
significance a bigger amount of test persons would be necessary. In addition one should figure out at which point, 
before, during or after the training the compression garments should be worn. Apart from laboratory test field tests 
with an appropriate amount of tests persons should be realized to evaluate the performance enhancing factors of 
smart textiles. Furthermore should be analyzed how the comfort of smart textiles influences the performance. The 
pioneer work of the usability of wearable technologies in heath care is already done. The knowledge should be now 
transferred to the sports sector. 
M. Nusser, V. Senner / Procedia Engineering 2 (2010) 2845–2850 2849
 M. Nusser & V. Senner / Procedia Engineering 00 (2010) 000–000  
6. References 
[1] Chatard JC, Atlaoui D, Farjanel J, Louisy F, Rastel D, Guezennec CY. Elastic stockings, performance and leg pain recovery in 63-year-old 
sportsmen. Eur J Appl Physiol 2004; 93(3): 347-52. 
[2] French DN, Thompson KG, Garland SW, Barnes CA, Portas MD, Hood PE. The effects of contrast bathing and compression therapy on 
muscular performance. Med Sci Sports Exerc 2008; 40(7):1297-1306. 
[3] Gill ND, Beaven CM. & Cook C. Effectiveness of post-match recovery strategies in rugby players. Br J Sports Med 2006; 40(3), 260-63.  
[4] Coza A, Nigg BM, Dunn JF, Anderson B. Partial external soft tissue vibration damping decreases local oxygen consumption. American 
Society for Biomechanics. Annual Meeting 2009. Abstract online verfügbar, Zugriff am 8.11.2009 unter 
http://www.asbweb.org/conferences/2009/2009.html#C 
[5] Dascombe B, Scanlan A, Osborne M, Reaburn P. The effect of lower body compression garments on physiological and performance 
responses across a one hour cycling time trial. 12th Annual Congress of the ECSS, Finnland 2007.  
[6] Higgins T, Naughton GA, Burgess D. (2009). Effects of wearing compression garments on physiological and performance measures in a 
simulated game-specific circuit for netball. J Sci Med Sport, 12(1): 223-226. 
[7] Houghton LA, Dawson B, Maloney SK. Effects of wearing compression garments on thermoregulation during simulated team sport activity 
in temperate environmental conditions. J Sci Med Sport 2009; 12: 303-9. 
[8] Duffield R, Cannon J, King M. The effects of compression garments on recovery of muscle performance following high-intensity sprint and 
plyometric exercise. Journal of Science and Medicine in Sport 2009; 1-5. 
[9] Trenell MI, Rooney KB, Carolyn M, Campbell S, Thompson H. Compression garments and recovery from eccentric exercise: a 31P-MRS 
Study. Journal of Sports Science and Medicine 5 2006; 106-14 
[10] Rieländer M. Leistungssteigerung durch mehrflächige Sporttextilien, Ausdauersport. Zentrale Themen 1988; 91-6 
[11] Gremion G, Bielinski R., Vallotton, J. Leyvraz P.F. & Gobelet C. (1997). Influence de l'habillement sur la performance physique en 
ambiance thermique chaude. Schweizerische Zeitschrift für Sportmedizin und Sporttraumatologie 45 179-181 
[12] Feyerabend D: Der Einfluss von Temperaturveränderung und unterschiedlichen Sporttextilien auf das Herz-Kreislauf- und Stoffwechsel-
System bei Stufentest-Belastungen. Diss. Uni Leipzig 1995. Leipzig. 
[13] Purvis AJ, Cable NT. The effects of phase control materials on hand skin temperature within gloves of soccer goalkeepers. Ergonomics 
2000; 43(10): 1480-88. 
[14] Toussaint HM, Beek PJ. Biomechanics of competitive front crawl swimming. 1992. 
[15] Rogowski I, Monteil K, Legreneur P, Lanteri P. Influence of swimsuit design and fabric surface properties on the butterfly kinematics. J 
Appl Biomech. 2006; 22(1): 61-6. 
[16] Dantas De Lucas R, Balikian P, Neiva CM, Greco CC, Denadai S. The effects of wet suits on physiological and biomechanical indices 
during swimming. Journal of Science and Medicine in Sport 2000; 3(1) 1-8. 
[17] Upton PAH, Noakes TD, Juritz JM. Thermal pants may reduce the risk of recurrent hamstring injuries in rugby players. British Journal of 
Sports Medicine 1996; 30(1): 57-60.  
[18] Schmitt KU, Nusser M, Derler S, Boesiger P. Analysing the protective potential of padded soccer goalkeeper shorts. British Journal of 
Sports Medicine (DOI: 10.1136/bjsm.2008.048058). 
[19] Paradiso R, Loriga G, Taccini N, Gemignani A, Ghelarducci B. Wealthy-a wearable healthcare system: new frontier on e-textile. Journal of 
Telecommunications and Information Technology 2005; 4.  
[20] De Rossi D, Carpi F, Lorussi F, Mazzoldi A, Paradiso R, Scilingo EP, Tognetti A. Electroactive Fabrics and Wearable Biomonitoring 
Devices Autex Research Journal 2003; 3 
[21] Axisa F, Schmitt PM, Gehin C, Delhomme G, McAdams E, Dittmar A. Flexible technologies and smart clothing for citizen medicine home 
healthcare and disease prevention. Information Technology in Biomedicine IEEE Transactions 2005; 9 (3): 325 – 36 
[22] Metcalf CD, Collie SRl, Cranny AW, Hallett G, James C, Adams J. Fabric-based Strain Sensors for Measuring Movement in Wearable 
Telemonitoring Applications. In: Assisted Living March. 2009 
[23] Ohtaki Y, Sagawa K, Inooka HA. Method for Gait Analysis in a Daily Living Environment by Body-Mounted Instruments. JSME 
International Journal Series C 2001; 44(4):1125-32 
[24] Vega Gonzalez A. Continuous monitoring of upper-limb activity in a free-living environment. Archives of Physical Medicine and 
Rehabilitation 2005; 86(3): 541-48. 
[25] Mazzoldi A, De Rossi D, Lorussi F, Scilingo EP, Paradiso R. Smart textiles for wearable motion capture systems. AUTEX Research Journal 
2003; 2(4): 199  
2850 M. Nusser, V. Senner / Procedia Engineering 2 (2010) 2845–2850
